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O ESPETÁCULO DA VIDA 
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Encontre um oásis em seu deserto.  
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Os vencedores veem a chuva e a oportunidade de cultivar.  
Os perdedores paralisam-se diante das perdas e dos 
fracassos.  
Os vencedores começam tudo de novo. 
 
Saiba que o maior carrasco do ser humano é ele mesmo.  
Não seja escravo dos seus pensamentos negativos.  
Liberte-se da pior prisão do mundo: o cárcere da emoção.  
O destino raramente é inevitável, mas sim uma escolha.  
Escolha ser um ser humano consciente, livre e inteligente. 
 
Sua vida é mais importante do que todo o ouro do mundo.  
Mais bela que as estrelas: obra-prima do Autor da vida.  
Apesar dos seus defeitos, você não é um número na 
multidão.  
Ninguém é igual a você no palco da vida.  
Você é um ser humano insubstituível. 
 
Por isso, desejo que você 
Jamais desista das pessoas que ama.  
Jamais desista de ser feliz.  
Lute sempre pelos seus sonhos.  
Seja profundamente apaixonado pela vida.  










O presente estudo avaliou o efeito do processo inflamatório sobre as propriedades das células 
mesenquimais indiferenciadas do ligamento periodontal (PDLSCs) e sobre a expressão dos 
marcadores mesenquimais nos tecidos periodontais. Inicialmente as PDLSCs purificadas para 
o marcador CD105 (hPDL-CD105+) foram expostas ao extrato proteico total da espécie 
bacteriana Porphyromonas gingivalis (PgPE), e avaliadas quanto ao metabolismo celular, 
atividade inflamatória, capacidade proliferativa e diferenciação osteogênica. Na sequência, foi 
analisada a alteração dos marcadores de perfil mesenquimal indiferenciado após a indução da 
doença periodontal in vivo, e confirmada in vitro. Para isso, hPDL-CD105+ foram expostas à 
diferentes concentrações de PgPE e avaliadas quanto ao metabolismo celular (ensaio de MTT), 
a fim de determinar a concentração de PgPE não-citotóxica. Apoptose (marcadores Annexin V 
e 7-AAD) foi avaliada pela técnica da citometria de fluxo. A atividade pró-inflamatória foi 
investigada por 1) expressão gênica de interleucina 1-beta (IL-1ß), interleucina 6 (IL-6) e (fator 
de necrose tumoral alfa (TNF-a), 2) a presença da proteína IL-6 por imunofluorescência 3) 
qPCR array da via de sinalização IL6/STAT3. Para a avaliação da capacidade de diferenciação 
osteogênica, foi realizado o ensaio de formação de nódulos minerais, com coloração de 
vermelho de alizarina (AR) e expressão dos genes para Runt-related transcription factor 2 
(RUNX2), fosfatase alcalina (ALP) e osteocalcina (OCN) por RT-qPCR. Doença periodontal 
experimental por ligadura foi induzida em ratos Wistar durante 7 dias, após este período o grupo 
somente com indução da doença sofreu eutanásia (n=8) e outro grupo recebeu raspagem da 
superfície radicular após a remoção da ligadura (n=8), e junto dos animais controle (n=8), 
sofreram a eutanásia aos 14 dias. Dos tecidos periodontais coletados de ratos foram avaliados 
a expressão dos marcadores relacionados ao fenótipo mesenquimal indiferenciado (STRO-1, 
CD105, CD166, CD146), por meio de ensaio de imunohistoquímica e expressão gênica por 
RT-qPCR. Os mesmos marcadores foram avaliados por citometria de fluxo nas hPDL-CD105+ 
expostas à PgPE. Os resultados mostraram que doses menores que 3 µg/ml se mostraram não-
citotóxicas, e não foram capazes de induzir apoptose celular. hPDL-CD105+ apresentaram 
aumento na expressão de citocinas pró-inflamatórias expostas à 2ug/ml de PgPE, e confirmados 
por um aumento na expressão de 28 genes inflamatórios envolvidos com a via IL6/STAT3. 
Adicionalmente, essas células apresentaram manutenção do potencial osteogênico com 
deposição significativa de nódulos minerais e expressão dos genes osteogênicos após exposição 
à PgPE. Nos tecidos periodontais, a doença periodontal inflamatória induziu um aumento na 
expressão gênica dos marcadores de superfície CD105 e CD166, e este resultado foi confirmado 
em nível proteico in situ. Nas hPDL-CD105+ estimuladas com PgPE, houve aumento do 
marcador de indiferenciação celular STRO-1. E este aumento está correlacionado 
positivamente ao aumento de expressão gênica da IL-6 nas hPDL-CD105+. Esses dados 
sugerem que houve uma clara modulação dos marcadores de superfície celulares relacionado 
ao fenótipo mesenquimal indiferenciado in vitro e in vivo, e que a presença da PgPE não 
impactou na viabilidade celular e a capacidade de diferenciação osteogênica das hPDL-
CD105+, preservando suas propriedades biológicas.  
 
Palavras-chave: Terapia Celular, Relações Hospedeiro-Patógeno, Doenças Crônicas, 




The present study evaluated the effect of the inflammatory process on mesenchymal stem cell 
properties from the periodontal ligament (PDLSCs) and on the expression of the mesenchymal 
cell surface markers in the periodontal tissues. Initially PDLSCs purified with CD105 marker 
(hPDL-CD105+) were exposed to Porphyromonas gingivalis total protein extract (PgPE), and 
cells metabolism, inflammatory activity, proliferative capacity and osteogenic differentiation 
were evaluated. Subsequently, it was analyzed the expression of the mesenchymal cell surface 
markers after the induction of periodontal disease in vivo, and confirmed in vitro. For this, 
hPDL-CD105+ were exposed to different concentrations of PgPE and evaluated for cellular 
metabolism (MTT assay) to determine the non-cytotoxic PgPE concentration. Apoptosis 
(Annexin V and 7-AAD markers) was assessed by flow cytometry technique. Proinflammatory 
activity was investigated by 1) gene expression of interleukin 1-beta (IL-1β), interleukin 6 (IL-
6) and tumor necrosis factor alpha (TNF-α) by RT-qPCR, 2) presence of IL-6 with 
immunofluorescence assay 3) qPCR array of IL6/STAT3 signaling pathway. To evaluate 
osteogenic differentiation capacity, mineral nodules formation was assessed with alizarin red 
staining (AR) and gene expression for Runt-related transcription factor 2 (RUNX2), alkaline 
phosphatase (ALP) and osteocalcin (OCN) by RT-qPCR. Experimental periodontal disease by 
ligature was induced in Wistar rats for 7 days, after this period one group with disease induction 
only was euthanized (n=8) and one group was received scaling and root planning after removal 
of the ligature (n=8), and together with the control group (n=8), were euthanized at day 14. 
From the periodontal tissues collected from rats, the expression of mesenchymal cell surface 
markers (STRO-1, CD105, CD166, CD146) was evaluated by immunohistochemistry and RT-
qPCR gene expression. The same cell surface markers were evaluated by flow cytometry in 
hPDL-CD105+ exposed to PgPE. Results showed that doses lower than 3 µg/ml were non-
cytotoxic, and were not able to induce apoptosis. hPDL-CD105+ showed increased expression 
of proinflammatory cytokines exposed to 2ug/ml PgPE, and this was confirmed by an increased 
expression of 28 inflammatory genes related to the IL6/STAT3 pathway. In addition, 
osteogenic potential was maintained in the presence of PgPE, with significant deposition of 
mineral nodules and expression of the osteogenic genes. In rat periodontal tissues, 
inflammatory disease induced an increase in CD105 and CD166 surface markers gene 
expression and this result was confirmed in situ at protein level. hPDL-CD105+ stimulated with 
PgPE showed an increase in STRO-1 stem cell marker. And this increase is positively correlated 
to increased IL-6 gene expression in hPDL-CD105+. These data suggest that there was a clear 
modulation of the cell surface markers related to the mesenchymal stem cell phenotype in vitro 
and in vivo, and that the presence of PgPE did not affect cell viability and osteogenic 
differentiation capacity of hPDL-CD105+, preserving its biological properties. 
 
Keywords: Cell- and Tissue-Based Therapy, Host-Pathogen Interactions, Chronic Disease, 
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RT-qPCR - Real time quantitative polymerase chain reaction 
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Um dos maiores desafios da terapia periodontal contemporânea tem sido o 
restabelecimento do ligamento periodontal, cemento dental e osso alveolar perdidos durante o 
processo da doença periodontal inflamatória. Clinicamente, diferentes modalidades 
terapêuticas têm sido utilizadas visando a regeneração dos tecidos periodontais de suporte 
perdidos. Entre estas, destacam-se as técnicas de enxertos ósseos de diferentes origens, 
moléculas bioativas (como fatores de crescimento e proteínas derivadas da matriz do esmalte) 
e a regeneração tecidual guiada (GTR). Entretanto, os resultados clínicos obtidos são pouco 
previsíveis, e histologicamente, o potencial regenerativo (formação de ligamento periodontal, 
osso alveolar e cemento radicular) destas técnicas tem se revelado limitado (Egelberg, 1987; 
Jepsen et al., 2002; Trombelli et al., 2002; Villar and Cochran, 2010).  
Sabe-se que o sucesso da regeneração dos tecidos periodontais depende da 
migração e proliferação das células do ligamento periodontal remanescente, acompanhada pela 
subsequente diferenciação em osteoblastos, cementoblastos e fibroblastos, e síntese de 
componentes das matrizes teciduais. Estudos mostraram que, o ligamento periodontal de dentes 
permanentes e de decíduos abrigam populações celulares com características de células 
mesenquimais indiferenciadas, as quais expressam marcadores de superfície específicos tais 
como, CD105 (Endoglin), CD166 (ALCAM), CD73 e STRO-1 (Gay et al., 2007; Nagatomo et 
al., 2006; Seo et al., 2004; Silvério et al., 2010). Em condições apropriadas de cultura, essas 
células têm se mostrado capazes de diferenciarem-se em um fenótipo 
osteoblástico/cementoblástico, adipogênico e condrogênico (Gay, 2007; Nagatomo, 2006; Seo, 
2004; Silvério, 2010), além de apresentarem, in vivo, formação ectópica de uma estrutura 
tecidual semelhante ao cemento dental e ligamento periodontal (Seo, 2004).  
Tem sido sugerido que as estruturas periodontais remanescentes expostas ao 
processo inflamatório crônico, teriam a sua habilidade para promover a regeneração tecidual 
comprometida (Chen et al., 2010; Polimeni et al., 2006), e que a inflamação presente no 
microambiente local poderia impactar as células mesenquimais indiferenciadas (Zhou et al., 
2015), e que este microambiente possui importante papel na regeneração dos tecidos mediada 
por células indiferenciadas (Hughes et al., 2006; Kang et al., 2011; Park et al., 2012). Uma das 
hipóteses do impacto negativo da inflamação nas células mesenquimais indiferenciadas, baseia-
se no fato de estas células do ligamento periodontal sofrerem alterações fenotípicas quando 
expostas ao ambiente da doença periodontal, principalmente devido à ação das toxinas 




biológicas. Embora não existam evidências científicas que sustentam essa hipótese, estudos na 
área médica mostraram que em modelo animal, na presença de um processo inflamatório 
crônico cerebral induzido pela injeção de citocinas pró-inflamatórias (TNF-a e Interferon-!), 
as propriedades proliferativa, migratória e a plasticidade das células indiferenciadas da zona 
subventricular são significativamente comprometidas (Pluchino et al., 2008).  
Porphyromonas gingivalis é considerada um dos principais patógenos associados 
ao desenvolvimento e progressão da doença periodontal inflamatória crônica (Socransky and 
Haffajee, 1992). Porphyromonas gingivalis e outras espécies bacterianas gram-negativas 
apresentam em suas paredes celulares um fator de virulência denominado lipopolissacarídeo 
(LPS) (Holt et al., 1999), sendo este o maior componente patogênico da membrana externa 
bacteriana. A hipótese de que o LPS da Porphyromonas gingivalis poderia alterar as 
propriedades biológicas de células mesenquimais indiferenciadas isoladas a partir do ligamento 
periodontal de humanos foi avaliada, o LPS da Porphyromonas gingivalis mostrou-se um fator 
de estímulo inflamatório insuficiente para modificar o fenótipo mesenquimal indiferenciado 
destas células (Albiero et al., 2015).  
Uma possível explicação para os resultados observados seria o fato dos agentes 
microbianos expressarem diferentes PAMPs (pathogen-associated molecular patterns) 
incluindo não somente o LPS, mas também, lipopolipeptídeos, peptídeoglicanos, ácido 
lipoteico e flagelina (Kirkwood and Rossa, 2009). Em relação a Porphyromonas gingivalis, tem 
sido descrito que as fímbrias encontradas na superfície celular atuam como PAMPS, 
influenciando na resposta imune inata tal como, o lipopolissacarídeo (Hajishengallis et al., 
2006). Evidências mostram que a interação desses PAMPS da Porphyromonas gingivalis com 
as células do sistema imunológico do hospedeiro bem como, com fibroblastos gengivais, são 
mediadas pelos receptores específicos (pattern recognition receptors, PRRs) tais como, Toll-
like receptor 2 e 4 (TLR2, TLR4) (Hajishengallis, 2006; Jones et al., 2010; Nociti et al., 2004) 
e CD14 (Hajishengallis, 2006), induzindo uma resposta imune-inflamatória, com liberação de 
citocinas pró-inflamatórias.  
Estudos que avaliaram o efeito da exposição das células linhagem de células 
osteoblásticas de rato (MC3T3-E1) ao extrato total da Porphyromonas gingivalis observaram 
uma inibição da atividade da fosfatase alcalina e consequentemente, uma redução da deposição 
de nódulos minerais in vitro (Kadono et al., 1999; Loomer et al., 1994). Esses dados sugerem 
que, na presença do extrato total bacteriano, todos os PAMPS da Porphyromonas gingivalis 





Até o momento, não existem informações disponíveis sobre como as células 
mesenquimais indiferenciadas respondem frente ao desafio microbiano, quando expostas ao 
extrato proteico total bacteriano. Diante disso, uma melhor compreensão das propriedades e do 
comportamento das células mesenquimais indiferenciadas (MSCs) durante uma crônica 
exposição à inflamação é de grande importância para um o seu futuro uso terapêutico, uma vez 
que, sugere-se que a regeneração tecidual mediada por MSC não se originaria das células 
transplantadas ao local do defeito, mas sim, principalmente pela dinâmica de diferenciação e 
liberação de fatores locais das MSC do hospedeiro (Yu et al., 2015). 
Portanto, o presente trabalho teve como objetivo avaliar a capacidade proliferativa 
e a diferenciação osteoblástica, importantes propriedades biológicas das células mesenquimais 
indiferenciadas do ligamento periodontal de humanos, frente à um estímulo inflamatório 
bacteriano. E ainda, verificar o comportamento e padrão de expressão de marcadores celulares 
característicos no ambiente periodontal, durante a progressão da doença periodontal e após a 
remoção do processo inflamatório crônico.  
Para testar essa hipótese, PDLSCs purificadas por CD105 (hPDL-CD105+), foram 
expostas ao extrato total da espécie bacteriana Porphyromonas gingivalis (PgPE), e avaliadas 
quanto ao metabolismo celular e capacidade proliferativa, expressão marcadores inflamatórios, 
e potencial de diferenciação osteogênica. Para verificar a modulação da expressão dos 
marcadores de células mesenquimal indiferenciadas, durante o processo inflamatório e após a 
resolução da inflamação, o ligamento periodontal de ratos submetidos à doença periodontal 
experimental e as células hPDL-CD105+ estimuladas com PgPE, foram analisados quanto à 
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Background and Objective: Porphyromonas gingivalis (Pg) is a major periodontal pathogen 
and possesses immunostimulatory components. Periodontal ligament mesenchymal stem cells 
(PDLSCs) are responsible to regenerate the periodontium lost due to periodontitis. If 
microenvironmental pathologic factors impair resident PDLSCs is still not known.  
Material and Methods: In this study, we assessed the effects of Pg total protein (PgPE) on 
human PDLSCs purified with CD105 stem cell marker (hPDL-CD105+) survival and viability, 
inflammatory response and osteogenic differentiation potential.  
Results: PgPE at concentrations higher than 3 µg/ml reduced cell viability. PgPE at 2 µg/ml did 
not induce changes in viability and apoptosis, but induced secretion of proinflammatory 
cytokines through IL-1β, TNF-α, IL-6 increased gene expression, and higher IL-6 protein 
expression. The presented upregulation of specific gene clusters may regulate these cells 
capacity of maintaining their important biological properties. SOCS3 and HGF are important 
for controlling inflammatory process and protecting against cell death, together with PIM1, 
these genes may have allowed hPDL-CD105+ cells to keep proliferative and viable. 
Osteoblastic/cementoblastic differentiation was assessed, and significantly modulation of ALP 
gene in stimulated cells was shown, although there was a similar final osteogenic differentiation 
pattern in stimulated and non-stimulated cells with comparable mineral nodule formation and 
similar levels of RUNX-2 and OCN gene expression. This similar pattern may be involved with 
stimulated hPDL-CD105+ upregulation of CXCL8 and MAPK3, which are known to play roles 
in positive regulation osteoblastic differentiation process.  
Conclusion: PgPE can exert a proinflammatory effect on hPDL-CD105+, without inhibiting 
their important properties for periodontal regeneration achievement, such as survival, viability 
and self-renewal capacity.  
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Mesenchymal stem cells (MSCs) are known to be present at multiple dental tissues 
1-3. The periodontium is composed of multiple cell types, and MSCs are part of this 
microenvironment 1, 4. Their importance as a source for periodontal regeneration has been 
largely explored in the last years 5, 6. Periodontal disease is a chronic inflammation that leads to 
destruction of connective tissues, the formation of periodontal pocket and ultimately results in 
loss of teeth and, is a result of host inflammatory immune response to bacteria from oral 
microbial biofilms 7. 
While human subgingival plaque harbors more than 500 bacterial species, 
considerable research has shown that Porphyromonas gingivalis, a Gram-negative anaerobic 
bacterium, is an important etiologic agent, which contributes to chronic periodontitis 8. This 
periodontopathogen colonizes the subgingival biofilm and modulates the immune responses of 
the host cells. To increase survival into the host, P. gingivalis can locally invade periodontal 
tissue, thereby avoiding the immune surveillance while maintaining its viability 8. The potential 
influence of oral bacterial toxic-products on MSC-mediated periodontal regeneration has up to 
now, largely been unknown. It has already been shown that changes in extracellular 
microenvironment affects the proliferation and differentiation of MSCs 9-11, and that 
periodontal ligament mesenchymal stem cells (PDLSCS) from periodontitis sites possess 
reduced osteogenic ability 12, 13. 
Despite encouraging outcomes from current studies on the use of MSCs on 
periodontal regeneration 14, complete regeneration is still a challenge in periodontal treatment. 
Therapeutic use of MSC is limited by the lack of understanding and better definition of their 
properties and behavior during their long exposure to inflammatory disease, and recent studies 
have shown that microenvironmental pathologic factors impair resident MSCs 15, 16. It is, 
therefore, important to understand how these cells respond to bacteria stimuli, and how they 
behave after chronic inflammatory process, so it can be better understood the mechanisms of 
action of these cells in the periodontal microenvironment and its role in the regeneration of lost 
periodontal tissues. Thereby, it is important to improve the knowledge of periodontal 
regeneration-related characteristics of PDLSCs after disease progression and exposure to an 
inflammatory environment, especially the properties related to their ability to conserve the 





Cell surface marker characterization is important to define the cell population of 
MSCs 17, although there is still no specific collection of markers that is definitive to selecting 
the cells with increased periodontal regeneration capacity. The CD105 marker is the most 
reported among the studies as a positive marker in MSCs 18 and has been used in studies related 
to periodontal ligament cells 2, 19, 20. In this study, we investigated the effects of Porphyromonas 
gingivalis total protein on CD105 purified human PDLSCs survival and viability, inflammatory 
response and osteogenic differentiation potential. To the best of our knowledge, this has not yet 
been explored in a purified human periodontal ligament cell culture.  
2. Method and materials 
2.1 Porphyromonas gingivalis protein extract preparation 
2.1.1 Cell culture  
P. gingivalis ATCC BAA-308 was grown anaerobically on Blood Agar, 
supplemented with Hemin and Vitamin K1, at 37 °C in anaerobiosis (80% N2, 10% CO2, 10% 
H2) for 72 h. Isolated colonies were inoculated into 250ml of TSB-BHI broth medium 21 and 
grew until culture reach the OD550nm of 1.5 (about 18 h).  
2.1.2 Cell harvesting and total protein extraction 
Cultures were harvested by centrifugation at ≈6000 g for 15 min at 2 °C. The 
bacterial cells were resuspended in cold NaCl 0.9% solution, transferred to a 2ml microtubes, 
centrifuged (4 min, 2 ºC, ≈13000 g) and stored at -80 °C until use. Total proteins were extracted 
by adding 700 µl of ultra pure water and ≈ 0.16 g of zirconia beads (0.1 mm diameter, BioSpec 
Products, Inc., Bartlesville, OK, USA), and mechanically disrupted (Mini-beadbeater, Biospec) 
with 3 cycles of 1 min at maximum power and 1 min rest in ice. Samples were centrifuged 
twice (8 min, 4 °C, 13000 g) and Porphyromonas gingivalis total protein (PgPE) concentration 
measured by Bradford's reagent (Sigma). Single-use aliquots were stored at -80 °C. Proteins 
integrity was evaluated by SDS-PAGE and Comassie Blue staining, were the absence of smears 
indicated successful extraction (data not shown).  
2.1.3 PgPE dilution 
At the time of each experiment, fresh solution of PgPE was prepared. Chosen 
concentrations of PgPE were obtained by diluting the stock frozen solution in DMEM.  
2.2 Human Periodontal ligament cell culture  
Human mesenchymal progenitor cells were cultured and characterized as reported 




average age of 22 years old, were extracted as recommended by their dentist and with informed 
consent of the patient at the Dental Clinic of the School of Dentistry, University of Campinas, 
Piracicaba, São Paulo, Brazil. Immediately after extraction, each tooth was transferred to a 
biopsy medium composed of Dulbecco’s modified Eagle’s medium (DMEM; #11965092, 
Gibco, Life Technologies, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum 
(FBS), 250 mg/ml gentamicin sulfate, 5 mg/ml amphotericin B, and 1% penicillin/streptomycin 
(P/S) (Gibco), and sent to the lab. To avoid contamination, soft tissue attached to the cervical 
area was carefully removed. The extracted molars were rinsed twice in Dulbecco’s phosphate-
buffered saline (DPBS). Then the periodontal ligament (PDL) was gently scraped from the 
middle one-third of the root surface and enzymatically digested in a solution of 3 mg/ml 
collagenase type II (Gibco) and 4 mg/ml dispase (Gibco) for 1h at 37 °C.  
Heterogeneous single-cell suspensions were obtained by passing the cells through 
a 70 µm cell strainer (Falcon, BD Labware, Franklin Lakes, NJ, USA). Samples were cultured 
at 37 °C, 5% CO2 in DMEM supplemented with 10% FBS and 1% P/S (Gibco) (standard 
medium) until cells reached confluence. CD105+ enriched cell subsets from human PDL 
(hPDL-CD105+ cells) were isolated by magnetic cell sorting, and characterized by flow 
cytometry. These cell populations showed multipotential capabilities to differentiate in vitro 
into an osteoblast phenotype and adipocyte-like cells2. All five hPDL-CD105+ cell populations 
were cultured in standard media, frozen with RecoveryTM Cell Culture Freezing Medium 
(Gibco) and kept in liquid nitrogen for subsequent experiments. All five hPDL-CD105+ cell 
populations at the 3rd–8th passage were used in all experiments, in triplicates. The Ethics 
Committee in Research of the Piracicaba Dental School - University of Campinas, has approved 
this study to be carried out according with the recommendations of the National Health Council 
- Ministry of Health of Brazil for research in human subjects (007/2014). 
2.3 Cell Metabolic Activity and Viability  
The metabolic activity of hPDL-CD105+ cells incubated with PgPE was determined 
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT; #M2128, Sigma) 
assay. Cells were plated in 96-well plate at 0.5x104 cells/well in standard medium. After 24h, 
the medium was changed to DMEM supplemented with 2% FBS and 1% P/S (Gibco) 
(experimental medium) containing 0-6 µg/ml concentrations of PgPE, and cells were culture 
for a total of 10 days. At time points of 1, 3, 7 and 10 days, MTT reagent was added to each 
well, and incubated for 4h at 37 °C in a humidified 5% CO2 incubator. At the end of the 




ethanol. Absorbance of converted dye was measured at a wavelength of 570 nm with 
background subtraction at 630–690 nm. 
2.4 Apoptosis and necrosis assay 
hPDL-CD105+ cells were pretreated with different doses of PgPE (0 and 2 µg/ml) 
for 1.5 hours before being analyzed by flow cytometry. Cell viability was determined using 
Annexin V-FITC and 7-AAD (BD Bioscience, San Jose, CA, USA). A total number of 3x105 
cells was used. Cells were washed cells twice with cold DPBS and then resuspended in 1× 
Binding Buffer. Then cells were incubated with FITC Annexin V and 7-AAD for 20 minutes 
at 4 °C, in the dark. 500 µl of 1× Binding Buffer was then added to each tube and cells were 
analyzed by flow cytometry. Data acquisition was performed using the FACS-Calibur™ flow 
cytometer (BD Biosciences), and were analyzed using the CELLQuest™ software (BD 
Biosciences). 
2.5 Inflammatory Response  
2.5.1 Pro-inflammatory cytokines expression 
Cells were seeded on a 60-mm dish (2×105 cells/ dish) with standard media for 24 
h. Subsequently, media was changed to standard media supplemented with 0, 0.1, 1 and 2 µg/ml 
of PgPE. After time points of 0.5; 1.5; 3, 6 and 24 hours, total RNA was obtained using TRIzol® 
reagent (Invitrogen) to determine the expression of transcripts corresponding to interleukin-1 
beta (IL-1β), interleukin 6 (IL-6), and tumor necrosis factor alpha (TNF-α) and glyceral-dehyde-
3-phosphate dehydrogenase (GAPDH). 
2.5.2 IL-6 Immunofluorescence  
Cells were seeded at 2 × 104 cells/well in standard medium for 24 hours on 24-well 
plates. Medium was changed to either control or 2 µg/ml PgPE. After 3 hours, cells were 
washed three times with PBS and fixed with 4% paraformaldehyde and then permeabilized with 
Triton 0,5%. Non-specific binding sites were blocked with 4% bovine serum albumin (BSA) in 
a humidified atmosphere. Cells were incubated at 4 °C overnight with primary antibody, IL-6 
Antibody (M-19): sc-1265 goat polyclonal IgG at 1:50 dilution. Visualization was achieved 
using Alexa Fluor 488 Donkey anti-goat at 1:1000 dilution. DAPI was used for nuclei 
staining. Cells were examined using a fluorescence microscope (Axio Vert.A1 FL, Zeiss, 
Oberkochen, Germany). 




Total RNA was DNase treated (Turbo DNA-free, Ambion, Foster City, CA, USA), 
samples were quantified with spectrophotometer (NanoDrop 2000) and single- stranded 
complementary DNA (cDNA) was synthetized from 1 µg of total RNA using a kit High-
Capacity cDNA Reverse Transcription Kit (Applied Biosystems™) following the 
manufacturer’s recommendations. Primers sequence: IL-1β: (F)5’-
CTTCTCGACACATGGGATAAC-3’, (R)5’- TTTGGGATCTACACTCTCCAGC-3’; IL-6: 
(F)5’-CTAGAGTACCTCCAGAACAGATTTGA-3’; (R)5’-TCAGCAGGCTGGCATTT -3’; 
TNF-α: (F)5’-CCACCCATGTACTCCTCAC-3’, (R) 5’-
CCTCCCAGATAGATGGGCTCATA-3’; GAPDH: (F)5’-ACATCATCCCTGCCTCTAC-3’, 
(R)5’-CCACCTTCTTGATGTCATCATATTTG-3’  
RT-qPCR was performed with LightCyclerâ 480 and software (Roche Diagnostics 
GmbH, Mannheim, Germany), using the LightCyclerâ 480 SYBR Green I Master (Roche 
Diagnostics). Water (no template) was used as a negative control for all experiments. Relative 
quantification of reaction products was normalized using GAPDH as the reference gene.  
2.7 qPCR array 
Total RNA from one hPDL-CD105+ cell population was harvested 3h after 
stimulation with 2 µg/ml of PgPE using an affinity column system (RNeasy mini; Qiagen, 
Hilden, Germany), was then DNase treated (Genomic Elimination DNA Mixture, 
SABioscience/Qiagen) and quantified using NanoDrop. cDNA was synthesized using the 
reagents and procedure indicated by the supplier of the PCR-based arrays (RT2 First Strand 
cDNA kit; SA Biosciences/Qiagen, Frederick, MD, USA). Expression of 84 genes related with 
inflammatory response in each sample was investigated using qPCR-based arrays (RT² 
Profiler™ PCR Array Human IL6/STAT3 Signaling Pathway Plus; SA Biosciences/Qiagen) 
on the LightCyclerâ480 (Roche) using the indicated cycling conditions (10 min/95°C, followed 
by 45 cycles of 15s/95°C and 60s/60°C). Briefly, the cycle threshold (Ct) values obtained from 
the RT-qPCR thermocycler software were exported into the online analysis tool provided by 
the supplier of the array, which yields the results of target gene regulation as a fold change 
relative to the indicated control sample (in this case, non-stimulated hPDL-CD105+ cells). 
Normalization was performed using the expression of β -actin and β2-Microglobulin. These 
genes were automatically selected by the online analysis tool from the available housekeeping 





 The purpose of the analysis was to assess the relative regulation of the 84 target 
genes in comparison to the gene expression determined in non-stimulated hPDL-CD105+ cells.  
2.8 Osteogenic differentiation 
To assess the capacity to form mineralized matrix in vitro, hPDL-CD105+ cells 
were seeded in standard media in 24-well plates (2x105 cells/well) and for gene expression 
analysis in 60-mm tissue culture dishes. After 24h, osteogenic medium (OM) was added to the 
cell cultures, containing or not 2 µg/ml of PgPE. OM consisted of experimental medium and 
osteogenic supplements (50 mg/ml ascorbic acid, 10 mM ß-glycerophosphate). One group was 
stimulated with 2 µg/ml PgPE for 3h only, and then media was changed to OM, every three 
days, for up to 21 days. The other group was stimulated with PgPE continuously together with 
OM, and medium was also changed every 3 days. At the end of 21 days, mineral nodule 
formation was assessed. Cells were fixed with 70% ethanol and stained with alizarin Red 
(Sigma) for calcium detection. For quantitative measurement, alizarin was solved in a 10% 
cetylpyridinium chloride monohydrate solution for 15 minutes and samples were measured in 
a plate reader at 562 nm. For osteogenic gene expression analysis, total RNA was isolated at 
days 3, 7, and 14 using TRIzol® (Invitrogen, Life Technologies, Carlsbad, CA, USA) to 
determine the expression of transcripts corresponding to ALP, OCN, and RUNX2. Gene 
expression analysis was performed according to 2.6 item. Primers used were: ALP: 5’-
CGGGCACCATGAAGGAAA-3’ (F), 5’-GGCCAGACCAAAGATAGAGTT-3’(R); OCN: 
5’-AGCTCAATCCGGACTGT-3’ (F), 5’-GGAAGAGGAAAGAAGGGTGC-3’ (R); RUNX2: 
5’-CCGTCCATCCACTCTACCAC-3’ (F), 5’-ATGAAATGCTTGGGAACTGC-3’ (R). 
2.9 Statistical analysis 
The statistical analysis aimed to compare the results obtained with each 
experimental condition (non-stimulated and PgPE-stimulated) in instances where at least three 
data points from independent experiments were available. The comparisons were performed 
using One-way analysis of variance test (α = 0.05), and a pairwise multiple comparison test 
(Tukey test) was used to identify the difference among groups. Analyses were performed using 
BioEstat 5.0 (Belém, PA, Brasil). 
The qPCR focused array data was subsequently analyzed using an online 
bioinformatics tool, Panther Classification System (http://pantherdb.org), applying Bonferroni 
correction for multiple tests to calculate p-value. The purpose of this analysis was to assess how 






3.1 Bacterial Components Challenge partially affects Cellular Apoptosis and 
Viability 
To determine effects of PgPE on survival of hPDL-CD105+, a range of doses of 
PgPE (0 to 6 µg/ml) was used (Figure 1A). Ratio of apoptosis was shown by percentage of the 
Annexin V/7AAD-positive population, in flow cytometry (Figure 1B). PgPE had no effect on 
hPDL-CD105+ viability at 1 day following PgPE treatment (Figure 1A). PgPE concentration of 
6 µg/ml significantly decreased cells viability after 3 days, and concentrations higher than 5 
µg/ml after 7 days following PgPE stimulation (Figure 1A). After 10 days in culture, only 
concentrations of 0-3 µg/ml of PgPE was capable of maintain cell viability when compared to 
higher doses (p<0.05). Among these, 1 and 2 µg/ml of PgPE increased cell metabolism 
(p<0.05). To assess the potential effect of PgPE on PDL-CD105+ apoptosis, cell survival was 
analyzed by Annexin V and 7AAD staining (Figure 1B). PgPE concentration of 2 µg/ml did 
not influence on hPDL-CD105+ cell apoptosis after short-time exposure. 
3.2 PgPE stimulation in hPDL-CD105+ induces upregulation of Cytokines and 
Other Established Inflammatory-Regulated Genes  
Proinflammatory cytokines IL-1β, TNF-α, IL-6 gene expression was assessed by 
RT-qPCR. Stimulation with PgPE (2 µg/ml) for 1.5 and 3 h increased mRNA for IL-6 by 6-8-
times, while, on the other hand, PgPE administered at the 0.1 and 1 µg/ml had no or small effect 
on hPDL-CD105+ IL-6 mRNA expression (Figure 2C). A similar pattern was observed for 
another important cytokine, TNF-α (Figure 2B), while mRNA levels for IL-1β were upregulated 
after 3 and 24h of exposure to 2 µg/ml of PgPE (Figure 2A). Nevertheless, IL-6 is largely more 
expressed by hPDL-CD105+ when compared to TNF-α and IL-1β. 
IL-6 protein was also verified by immune staining. In the assessment of the hPDL-
CD105+ cells, IL-6 expression was markedly increased in the PgPE stimulated group when 
compared to non-stimulated group (Figure 2D). The results with IL-6 analyses demonstrated 
that PgPE was effective in modulating the IL-6 expression.  
Having demonstrated that PgPE increases the expression of proinflammatory 
cytokines, mainly of IL-6, by hPDL-CD105+, PCR Array analysis was performed to evaluate 
how this increase would affect the expression of genes that are related to the IL-6/STAT3 
signaling. This pathway was chosen based on the results above, that showed a high expression 
of IL-6 gene and increased protein levels. Additionally, IL-6 protein was also detected as highly 




shown). Using the Qiagen PCR Array for IL-6/STAT3 Signaling Pathway, we have monitored 
the mRNA levels of 84 genes involved in the activation and downstream effects of this pathway 
in PgPE stimulated versus non-stimulated cells. Applying a 2-fold change cutoff value for 
differential expression, 28 genes were found to be upregulated upon PgPE stimulation and 7 
genes were downregulated following exposure to 2 µg/ml of PgPE. (Figure 3). The exposure 
of hPDL-CD105+ to PgPE showed a clear increase on the expression of important genes related 
to the IL6 / STAT3 Signaling, like STAT3 Activators (EGFR, IL11), Cell Surface Receptors 
(TNFRSF10B, CD4, CD40, IL1R1), Signaling Upstream of IL6/STAT3 (SOCS3, MAPK3, 
SOCS1, SRC, AKT1, MAPK1, MAPK14), and Downstream (PIM1, HGF, CDKN1A, MET, BAX, 
BCL2) and IL6 / STAT3 Signaling Target Genes (CXCL8, SOCS3, CEBPD, JUNB, IL11, 
CCL5). There was an upregulation on three Cytokines (LIF, IL11, CCL5) and encoding genes 
for NFκB Signaling (TLR4, RELA). Four of the 28 upregulated genes are considered Pathway 
Activity Signature Genes: SOCS3, CEBPD, PVRL2, NRP1.  
To investigate the differences between PgPE stimulated and non-stimulated hPDL-
CD105+, the upregulated genes were analyzed for pathway enrichment. When cells were 
stimulated with PgPE, genes related to 21 pathways were significantly upregulated (Figure 4). 
Among the statically significant enriched pathways, according to Panther Classification, 
important pathways present higher number of involved up-regulated genes, particularly 
apoptosis (P00006), inflammation (P00031) and Interleukin (P00036) pathways. 
To further understand the biological context of different expressed genes, Gene 
Ontology (GO) analysis was used to map the biological process enrichment related to 
upregulated genes in hPDL-CD105+ exposed to PgPE. The ‘fold enrichment’ represents the 
overall enrichment score for the gene cluster, with scores>2 considered to be of biological 
significance (Huang, 2009). To reduce the possibility of spurious associations, we have 
considered only the gene clusters associated with an enrichment score greater than 3. The PgPE 
stimulated cells showed a significant enrichment in 19 biological process to Homo sapiens 
genome background (Table 1). 
3.4 Osteogenic differentiation ability of hPDL-CD105+ was preserved after short or 
long-term exposure to PgPE 
Osteogenic differentiation of PDL-CD105+  was investigated after 3h and 21 days 
of exposure. It was found that cells can differentiate into an osteoblastic phenotype by calcium 
deposition in vitro when compared to the control group (p<0.05). However, bacterial challenge 




consistence result with functional assay (Figure 5C). The expression levels were then calculated 
as fold-change over negative control (no osteogenic induction). Expression of osteogenic genes 
RUNX2 and OCN were significantly promoted in osteogenic induction groups, but with no 
difference when comparing PgPE-exposed groups to control. Interestingly, ALP expression 
presented a different pattern of expression among groups. This gene showed an upregulation 
from day 7 to day 14 of induction in the osteogenic group (p<0.05). In the group of short-term 
exposure to PgPE, this upregulation was seen only on day 7, while in continuously PgPE-
exposed group, ALP expression was markedly increased on a later time-point, at 14 days of 
induction.  
4. Discussion 
The purpose of the present study was to comparatively characterize interactions 
between CD105-purified stem cells from periodontal ligament and periodontal pathogen in 
vitro, since determining the biological role of dental stem cells after periodontal disease, and 
understanding the cell–bacteria interactions, is of great importance for future clinical use of 
these cells 22. The results showed that hPDL-CD105+ can retain their vital properties, through 
metabolic activity and apoptosis assay, in the presence of P. gingivalis whole extract. Although 
there was a clear inflammatory activity in the presence of PgPE, by upregulation of important 
proinflammatory genes, IL-1β, TNF-α, IL-6, this inflammatory modulation was not able to 
change the pattern of mineralized matrix formation during the osteogenic differentiation assay 
on both groups of hPDL-CD105+.  
Initially, in previous studies, these cells were exposed to one specific virulence 
factor of Pg, its lipopolysaccharide (LPS). LPS alone exerted few significant effects in the 
biological properties of PDLSCs 20, 23. From this point on, it was considered that LPS might not 
be capable of negatively impacting the primary properties of cellular survival and 
differentiation. The use of outer membrane vesicles present in whole bacteria produces a 
different and likely more pathogen-specific immunostimulation of the host compared to LPS 
alone 24. Therefore, the present study analyzed the total Pg extract, considering that the presence 
of several virulence factors would generate deleterious effect on self-renewal and multipotency 
maintenance of PDLSCs.  
The microenvironment seems to play an important role in progenitor cells 
differentiation and proliferative capacity 25. PgPE at a concentration of 2 µg/ml does not 
produce a negative impact on the basic properties of these cells, such as viability and apoptosis, 




capacity of PDL cells exposed to inflammatory stimulus are contradictory in the literature. P. 
gingivalis has already been shown to stimulate proliferation in shorter-time exposure of 
periodontal ligament fibroblasts, as a result of activation of the G1 phase during the initial stage 
of infection 26. PDL cells remained proliferative after Pg LPS exposure after 4 days of exposure 
27, and increased proliferation after 7 days of exposure either with 1 or 10 µg/ml 28. 
Increased expression of classical proinflammatory cytokines such as IL-6, IL-1β 
and TNF-α after 1.5 and 3h of PgPE stimulation at mRNA levels, and IL-6 at protein level, was 
shown. Taken together, these experiments show that hPDL-CD105+ cells are capable of 
producing a variety of cytokines. Among these, IL-6 is important for progression and 
development of periodontitis, leading to a chronic inflammation that may contribute to the 
tissue destruction that follows an exacerbated host response 29. Additionally, the osteogenic 
potential of these cells, which is a primordial factor in the regeneration of periodontal tissue 
lost due to chronic inflammatory disease, was not influenced by the presence of PgPE. The 
mineralized matrix formation was not impaired in the presence of the bacteria by-products, 
while the gene expression assay showed a modulation in the expression of the ALP gene in the 
presence of PgPE, with delayed expression of this gene throughout the differentiation process. 
Alkaline phosphatase is an important gene in the mineralization of the collagen matrix and is 
commonly known as an early marker gene during osteogenesis and odontogenesis 30. 
These cytokines upregulation demonstrate that PgPE exert a proinflammatory 
response in hPDL-CD105+, and this effect has been demonstrated to impair stem cell 
properties31, 32. However, the present study shows no negative effect of increased cytokine 
expression on biological properties of hPDL-CD105+, and the osteogenic differentiation 
analysis suggests that hPDL-CD105+ may have compensated mineral matrix formation delay 
by a later increase in ALP expression, which led to similar mineral matrix formation in all 
groups at the end of the studied period. 
It can be speculated that hPDL-CD105+ may develop a self-regulation ability, as a 
possible mechanism of self-protection even during the inflammatory process. Hence, 
maintaining the basic biological properties expected of an undifferentiated cell, such as 
proliferation, survival rates, capacity for self-renewal and differentiation, in this case, in a 
mineralized tissue. The possibility that MSCs may possess endogenous self-protection 
mechanisms have been explored with the use of platelet rich clot on rat bone marrow-derived 
MSCs 33, and with stem cell mobilization and homing in ischemic myocardium 34, both in a 




Among the most expressed genes, the ones that are particularly associated with cell 
regulation mechanisms and are known to play an important role in maintenance of cell viability 
and proliferation, enables osteogenic differentiation and regulates inflammatory processes, 
should be noted. hPDL-CD105+ stimulated with PgPE were capable of maintaining their 
proliferative capacity, and PgPE was not able to induce cell death. Proliferation is a 
fundamental activity of stem cells, and the proliferative potential impacts MSCs possible 
transplantation in clinical regenerative and therapeutic applications. This effect was supported 
by significantly increase in SOCS3 and HGF genes, which have protective properties in cell 
apoptosis 35-37, and are negative regulators of inflammatory response 36, 38. Together with an 
increase in PIM1 gene expression, a recognized gene that regulates proliferative capacity, with 
studies already pointing to an important factor in tissue regeneration 39. The increase in this 
group of genes may explain the reduced percentage of cell death after exposure to PgPE.  
In the present study, hPDL-CD105+ cells showed a similar pattern of osteoblastic 
differentiation process when stimulated with PgPE. CXCL8 is among the most differently 
expressed genes and is present in thirteen of the statistically significant cellular processes. 
Although it has a known proinflammatory role 40, it has been associated with the regulation of 
osteoblastic differentiation 41, and its potential use in the bone repair has been studied 40. 
Similarly, the MAPK3 gene, which is related to eleven significant biological processes in hPDL-
CD105+ exposed to PgPE, also acts on important cellular activities in response to extracellular 
stimuli, such as proliferation induction 42 and signs for osteoblastic differentiation 43, once the 
JAK–STAT signaling pathway has proved its importance in cellular activation, proliferation, 
and differentiation 38. Increased expression of these important group of genes may be associated 
with the similar pattern of osteogenic differentiation in cells stimulated with PgPE. 
This cluster of genes upregulation after PgPE exposure, may not only provide a new 
perspective for understanding the mechanism underlying PDLSCs osteoblast differentiation 
after external inflammatory stimuli but also for regenerative dentistry applications of these 
cells, elucidating their capacity to retain regenerative potential after chronic inflammation.  
Although these results are based on an in vitro controlled environment, in the 
presence of a single periodontopathogen, P. gingivalis is one of the prime etiological agents in 
the pathogenesis and progression of the inflammatory events of periodontal disease 44, and the 
expression of bacterial virulence factors is often regulated in response to changes in the external 
environment of the periodontopathogen. As a result, P. gingivalis is capable of evading anti-




However, the expression of these virulence determinants and their mechanism during various 
stages of periodontal disease have not been extensively investigated 8. 
Further studies are needed to visualize the functional interaction of PDLSCs and 
oral pathogenic bacteria in their natural anaerobic environment, and how MSCs contribute to 
maintenance of normal tissue homeostasis, since the present in vitro study showed that PDLSCs 
exposed to bacterial products stimulation did not compromised mesenchymal stem cell 
phenotype.  
5. Conclusion 
Our data suggest that mesenchymal stem cells from human periodontal ligament 
are capable of maintain basic cellular properties, such as, viability, apoptosis and osteogenic 
differentiation through upregulation of regulatory specific genes, in the presence of an 
important periodontopathogen, Porphyromonas gingivalis, toxic-products. This may be an 
important evidence of these cells self-protection mechanisms and capacity of retaining 
undifferentiated cell properties. Further studies are needed to better explore these mechanisms 
involved in human periodontal ligament cells response to inflammation in the process of healing 
and periodontal regeneration. 
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Region Events % Gated % Total
R2 59 1.37 0.59
R3 1 0.02 0.01
R1 4291 100.00 42.91
R4 73 1.70 0.73









Region Events % Gated % Total
R2 53 1.27 0.53
R3 0 0.00 0.00
R1 4183 100.00 41.83
R4 62 1.48 0.62










Figure 1. Effect of PgPE on the viability and apoptosis. (A) PDL-CD105
+
 cells  were cultured 
in the presence of 0 to 6 µg/mL of PgPE. Metabolic activity as an indicator for cell viability was 
measured with MTT assay at the following time points: 1, 3, 7 and 10 days. (B) Apoptotic assay 
of PDL-CD105
+
 cells was assessed by percentage of Annexin V/7AAD positive cells by flow 
cytometry after 1.5 hours of PgPE exposure. Scatterplot shows data from on representative 
population. Representative data of three independent experiments are shown. Bars represent 
mean ± standard deviation (SD) from the five population studied (A, C). ¥	indicates statistical 
differences from all concentrations (p < 0.05), * indicates statistical differences from 0 and 3 
































































































Figure 2. Effect of PgPE on the proinflammatory cytokine expression. (A-C) hPDL-CD105
+
 
cells  were cultured in the presence of PgPE at concentrations of 0, 100 ng, 1 µg and  2 µg/ml. 
Real time-PCR showed an increased of mRNA levels of IL-1β, TNF-α and IL-6 after exposure to 
2 µg/ml of PgPE at the following time points: 1.5 and 3 hours. (D) Representative images of 
positive immunofluorescence for the IL-6 after 3 hours of PgPE exposure. Nuclear localization 
was confirmed by DAPI staining. Representative data of three independent experiments are 
shown. Bars in (A-C) represent mean ± standard deviation (SD) from where statistical differences 
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Figure 3. Up and downregulation of genes from the IL6/STAT3 Signaling Pathway. 
Scatter  plot comparing the normalized expression of every gene on the array between PgPE 
stimulated versus unstimulated group to visualize gene expression changes. The central line 
indicates unchanged gene expression. The dotted lines indicate the selected fold regulation 
threshold. 29 genes beyond the dotted lines in the upper left  were upregulated and 7 genes 
on the lower right sections downregulated. Data obtained form a triplicate of the test group 
with one selected PDL-CD105
+




















































































































































































































































































































































































Figure 4. Pathways related to significant upregulated genes in PgPE stimulated hPDL-CD105+ cells. The exposure of cells to PgPE showed 
an upregulation of 21 enriched pathways. Bars represents number of upregulated genes in each pathway. Panther Classification System (p<0.05, 




Table 1. Enriched upregulated biological processes in PgPE stimulated hPDL-CD105+ cells. 
Go biological process Fold 
Enrichment 
p-value Gene ID 




















Transmembrane receptor protein tyrosine kinase signaling pathway 
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Figure 5. Osteoblast differentiation under P. gingivalis exposure. PDL-CD105
+
 cells were 
exposure to PgPE at concentrations of 2 µg/ml for 3 h or 21 days, and cultured under osteogenic. (A)  
Quantitative analysis of AR staining after 3 weeks. (B) AR staining indicating extracellular calcium 
deposition of PDL-CD105
+
 from one representative population. (C) Relative mRNA levels of 
RUNX2, ALP and OCN in PDL-CD105
+
 cells were measured by RT-qPCR at the following time 
points: 3, 7 and 14 days. Bars in (A,C) represent mean ± standard deviation (SD) from 5 cell 
population of three independent experiments Intergroup statistical differences analysis are indicated 
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Complete periodontal regeneration is still a challenge in periodontal therapy even with 
innumerous clinical approaches that are available. Periodontal ligament stem cells (PDLSCs) 
are considered of main importance in the field of tissue regeneration. However, it has been 
shown that inflammation in the local microenvironment impacts on mesenchymal stem cells 
(MSCs), so understanding their behavior in the periodontal disease progression is of main 
importance for the future of periodontal regeneration field. Experimental periodontal disease 
was induced in Wistar rats for 7 days (EP). One group was submitted to scaling and root 
planning and maintained for another 7 days (SRP). Immunohistochemical and gene expression 
assays were performed in rat periodontal tissues to evaluate the expression of markers related 
to the undifferentiated mesenchymal phenotype (STRO-1, CD105, CD166, CD146). Human 
periodontal ligament cells purified for the CD105 marker (hPDL-CD105+) were exposed to 
Porphyromonas gingivalis protein extract (PgPE), and the same mesenchymal markers were 
evaluated by flow cytometry. Periodontal disease induced an increased expression of CD105 
and CD166 surface markers in the EP group (p<0.05), and this result was confirmed at protein 
level in situ. hPDL-CD105+ exposed to 2µg/ml of PgPE showed an increase in STRO-1 cell 
marker (p<0.05), similar to the results for periodontal tissue in the EP group. This increase is 
positively correlated with increased IL-6 gene expression in hPDL-CD105+ (r=0.8, p<0.0001). 
These data suggest that there was a clear modulation of the cell surface markers related to the 
undifferentiated mesenchymal phenotype in vitro and in vivo, that there is a possible 
relationship between periodontal disease and periodontal tissue regeneration.  
 








Periodontitis is a prevalent disease and involve chronic and progressive destruction 
of the tooth supporting tissues. Tissue repair and cell differentiation, to regenerate periodontium 
lost as a result of periodontal disease, are fundamentally affected by various reactive factors 
and the extracellular matrix components that communicate with each other to ultimately 
regulate the local regeneration process (Lin et al., 2011). Complete periodontal regeneration is 
still a challenge in periodontal therapy. Conventional treatment strategies fail to restore true 
periodontal supporting structures that are damaged by periodontal disease (Hynes et al., 2012). 
After treatment to control the inflammatory process, several procedures have been attempted to 
achieve periodontal regeneration, including bone graft placement, guided tissue bone 
regeneration and the use of growth factors and host-modulating agents; these have proven to be 
effective only to a certain degree (Chen et al., 2012).  
Periodontal ligament stem cells (PDLSCs) are considered of main importance in 
the field of tissue regeneration. They have a proliferative activity for self-renewal and 
multipotency to differentiate into various cell types (Menicanin et al., 2014), and also exert a 
potent immunomodulatory activity (Griffin et al., 2010). For successful periodontal 
regeneration to occur, progenitor cells that are present in the periodontal ligament, need to be 
active to play their biological role properly. However, it has been shown that inflammation in 
the local microenvironment impacts on mesenchymal stem cells (MSCs) (Zhou et al., 2015), 
and the importance of such a microenvironment in stem cell-regulated tissue regeneration has 
been suggested (Hughes et al., 2006; Kang et al., 2011; Park et al., 2012). Nevertheless, the 
interaction and regulation between PDLSCs and their microenvironment, mainly after the 
establishment of a chronic inflammatory disease remains unclear. 
Thus, characterization of the in situ PDLSCs has become as important as the 
identification of their phenotypic identity for understanding their behavior in the periodontal 
disease progression and further understanding of the released factors that can modulate different 
cell processes such as cell proliferation and differentiation, which are required to ensure their 
future therapeutic actions (Teixeira et al., 2013). A better understanding of MSCs properties 
and behavior during their long exposure to diseased sites is of great importance since MSC-
mediated tissue restoration is suggested not to arise from the introduced MSCs, but rather by 
orchestration of the host MSC cells (Yu et al., 2015).  
The present study attempt to address the phenotypical characteristics and tissue 




profile in vitro and in vivo. The effect of Porphyromonas gingivalis on CD105 purified human 
PDLSCs was assessed and the effect of experimental induced disease in rat periodontal tissue 
was analyzed. 
2. Methods and Materials 
2.1 Animals and experimental periodontitis 
Twenty-four adult male Wistar rats (250-300 g) were included in the study. The 
animals were kept in plastic cages with access to food and water ad libitum. The protocol was 
approved by The University of Campinas Institutional Animal Care and Use Committee 
(Approval n° 3131-1). All experimental procedures involving rats were performed under 
anesthesia combining xylazine chlorhydrate (0.03 ml/kg; Anasedan®; Vetbrands, Paulinia, São 
Paulo, Brasil) with ketamine hydrochloride (1 ml/kg; Dopalen®; Vetbrands, Paulinia, São 
Paulo, Brasil). Experimental periodontitis was induced through the placement of cotton ligature 
(Corrente Algodão n° 24; Coats Corrente, São Paulo, SP, Brazil) around the right and left first 
mandibular molars for a 7 days (7d) period (de Oliveira Diniz et al., 2012). 
2.2 Experimental design 
The experimental design can be observed in Figure 1. The animals were randomly 
assigned to one of the following groups: Control - animals were not exposure to any condition 
(n = 8); EP – experimental periodontitis was induced as described above (n = 8); and SRP – 
ligature was removed 7d after placement and scaling and root planning was performed (n = 8). 
SRP was performed using mini-five hand curettes (#5-6, Hu-Friedy Co. Inc., Chicago, IL, USA) 
through 10 distal-mesial traction motions at the buccal and lingual aspects and 10 cervical-
occlusal traction motions at the interproximal and furcation regions (Theodoro et al., 2016). All 
animals were euthanized after 7d of experimental periodontitis induction or 7d after the 
procedure of scaling and root planning. 
2.3 Histometric procedure 
After anesthesia, the animals were euthanized by perfusion with 10% formaldehyde 
in a 0.1 M phosphate solution (pH 7.0). The jaws were removed and fixed in 4% neutral 
formalin for 48h, and subsequently, demineralized in a 10% EDTA solution (changed daily) 
for 16 weeks at room temperature. After demineralization, paraffin serial sections (6 µm) were 
obtained (Leica RM2155, Leica Microsystems GmbH, Wetzlar, Germany) in a mesiodistal 
direction, and stained with hematoxylin and eosin. After excluding the first and last section in 
which the furcation region was evident, 10 equidistant sections (30 µm apart) of each tooth 




objective and 10 X ocular). Using an image analysis system (Image-Pro; Media Cybernetics, 
Silver Spring, MD, USA), a square grid was applied and the point counting technique was 
performed to determine areas between cementum and surface of the bone crest, including 
periodontal ligament and bone loss (Campos, 2014). This measurement was defined as bone 
loss area (bl) (Fig. 2) and the values (in mm2) are shown in Table 1. Measurements were 
obtained by a blinded examiner, three times, on different days, to reduce variations in the data 
(M.J.C.). The value of the average of the measurements was considered for data analysis. 
2.4 Immunohistochemical staining and analysis 
For immunohistochemical staining, antigen retrieval was carried out with 
Proteinase K (Dako, USA) at room temperature for 30 minutes. After quenching of endogenous 
peroxidase activity by incubation with 3% H2O2 (Merck KGaA, Darmstadt, Germany) for 30 
minutes, the sections were incubated at 4 °C, overnight, with 1:100 of the following primary 
antibodies: anti-CD105 (ab156756, Abcam, Milton, Cambridge, UK), anti-CD166 (ab109215, 
Abcam), anti-CD146 (ab75769, Abcam), anti-STRO-1 (MAB1038, R&D, Minneapolis, MN, 
USA). After washing with PBS, the sections were incubated with peroxidase-conjugated 
secondary antibody according to the manufacturer's instructions (AdvanceTM HRP, Dako). The 
signals were visualized with 3,3-diaminobenzidine (DAB, DAKO) for 5 minutes. Hematoxylin 
was used for nuclear counterstaining. Negative control was applied without primary antibody.  
2.5 Periodontal ligament harvest and gene expression analysis 
Under general anesthesia, both right and left first mandibular molars were extracted 
with luxation from the sockets and, immediately, stored in a tube containing RNAlater® 
(Ambion RNA, Life Technologies, Austin, TX) at 4 °C overnight, then moved to –80 °C for 
long-term storage. To collect periodontal ligament, samples were thawed on ice, were gently 
dried, and periodontal tissue was softly scraped with sterilized scalpels from the root surface 
using a dissecting microscope (XTS-20, NOVA Optical Systems, UT, USA). The total RNA 
specimen was extracted using TRIzol® reagent (Invitrogen). Total RNA was DNase treated 
(Turbo DNA- free, Ambion), samples were quantified with a NanoDrop and cDNA was 
synthetized from 1 µg of total RNA using a kit High-Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems™) following the manufacturer’s recommendations. cDNA was used for 
quantitative assessment of the mRNA levels of the following genes: β-actin (Actb): 5’-
CTAAGGCCAACCGTGAAAAG-3’ (F), 5’-GCCTGGATGGCTACGTACA-3’ (R); 
activated leukocyte cell adhesion molecule (Alcam; CD166): 5’-




(Eng; CD105): 5’-GGCCACCTTGTCCTGAGTAG-3’ (F), 5’- 
CACATGATCTGTCACTTTCATGC-3’ (R); melanoma cell adhesion molecule (Mcam; 
CD146): 5’-CATTCCTCAAGTCATCTGGTACA-3’ (F), 5’-
TGTGACGACTGGATATGAACG-3’ (R). RT-qPCR was performed with the LightCycler 480 
and software (Roche Diagnostics), using the LightCycler® 480 SYBR Green I Master (Roche 
Diagnostics). Water (no template) was used as a negative control for all experiments. Relative 
quantification of reaction products was accomplished using β-actin as the reference gene. 
2.6 Human Periodontal ligament cell culture  
Human mesenchymal progenitor cells were cultured and characterized as reported 
in our previous study (Albiero et al., 2017; 2015). Briefly, partially erupted third molars were 
collected and sent to the lab. Periodontal ligament (PDL) was gently scraped from the middle 
one-third of the root surface and enzymatically digested in a solution of 3 mg/ml collagenase 
type II (Gibco) and 4 mg/ml dispase (Gibco) for 1h at 37 °C. Samples were cultured at 37 °C, 
5% CO2 in DMEM supplemented with 10% FBS and 1% P/S (Gibco) (standard medium) until 
cells reached confluence. Magnetic cell sorting was used to obtain a CD105+ enriched cell 
(hPDL-CD105+). All five hPDL-CD105+ cell populations were cultured in standard media, 
frozen with RecoveryTM Cell Culture Freezing Medium (Gibco) and kept in liquid nitrogen for 
subsequent experiments. The Ethics Committee in Research of the Piracicaba Dental School - 
University of Campinas, has approved this study to be carried out according with the 
recommendations of the National Health Council - Ministry of Health of Brazil for research in 
human subjects (007/2014). 
2.7 Porphyromonas gingivalis protein extract preparation 
hPDL-CD105+ cells were stimulated with Porphyromonas gingivalis (ATCC 
BAA-308) total protein (PgPE) as previously described (Albiero et al., Manuscript - in 
submission). At the time of each experiment, fresh solution of PgPE were prepared. Chosen 
concentrations of PgPE were obtained by diluting the stock frozen solution in DMEM.  
2.8 Mesenchymal stem cells surface molecules  
hPDL-CD105+ cells were stimulated with different doses of PgPE (0, 0.1 and 2 
µg/ml) for 1.5 hours before flow cytometry analysis. Then, cells were washed in phosphate-
buffered saline (PBS), harvested after incubation with 5 mg/ml collagenase Type IV (Gibco) 
and 5 mM EDTA (Applied Biosystems™, Thermo Fisher Scientific, Carlsbad, CA), and 
incubated for 40 minutes in PBS with 10% normal donkey serum. Cells (1x106) were incubated 




San Diedo, CA, USA); CD146/APC; STRO-1/APC (Biolegend, San Diego, CA, USA); 
CD166/PE (BD Biosciences) for 30 minutes, in the dark. APC and PE conjugated non-specific 
mouse immunoglobulin G1 (BD Bioscience) were used as negative controls. All incubations 
were performed at 4 °C, and samples were analyzed using a flow cytometer (BD Bioscience). 
2.8 Statistical analysis 
Exploratory analyses were performed and normal distributions within the data sets 
were confirmed via Shapiro–Wilk test (p > 0.05). Subsequently, statistical comparison was 
performed using One-way analysis of variance test (α = 0.05), and a pairwise multiple 
comparison test (Tukey test) was used to identify the difference among the groups. Correlations 
between gene expression and protein levels was calculated using Pearson correlation 
coefficients. Analyses were performed using BioEstat 5.0 (Belém, PA, Brasil). 
3. Results 
3.1 Histometric analysis of the experimental periodontal disease induction 
The histometric analysis showed a significantly inter-radicular bone loss area the 
disease induction group for 7 days (EP) (Figure 2) when compared to Control group and Treated 
group after 7 days (SRP) (p<0.05) (Table 1). No significant changes in the inter-radicular 
periodontal–ligament area were observed during the experimental period in the Control group 
and SPR group, and the obtained mean value for these groups were assumed to be compatible 
with the no bone loss area (Table 1).  
3.2 Mesenchymal stem cells associated surface markers expression in rat 
periodontal ligament are modulated during inflammatory process 
Intragroup analysis demonstrated that there was a significant increase (P <0.05) in 
mesenchymal stem cell surface markers CD105 and CD166 mRNA levels (Figure 3) in the EP 
group when compared to control and SRP groups. Expression of CD146 markers was similar 
in all tested groups. In agreement with the findings of the gene expression, 
immunohistochemistry showed a higher staining of CD166 marker along the periodontal tissues 
in the disease induction group (EP) (Figure 4 A-F). CD166 positive cells are localized in 
connective tissue, perivascular space as well as in the area near to the cementum. In addition, 
CD105 immunostaining revealed that positive cells are widely distributed in the EP and SRP 
sections (Figure 4 G-L).  





The surface marker profile of hPDL-CD105+, derived from healthy donors exposed 
to PgPE were analyzed using fluorescence activated cell sorting (FACS) (Figure 5A). There 
was no significant contamination of hematopoietic cells, as flow cytometry was negative for 
markers of hematopoietic lineage, CD34 and CD45 (data not shown). In brief, cells were highly 
positive for CD105 marker among all tested groups. However, CD166 expression was markedly 
low in the control and PgPE-exposed groups. There was no difference among them. CD146 
marker expression had a tendency of up-regulation in the presence of 2 µg/ml PgPE 
concentration, (p=0.056). Interestingly, STRO-1 expression was significantly increased in 
PgPE higher dose group compared to the control (Figure 5B and 5 C-F). Based on a significant 
upregulation in IL-6 expression on hPDL-CD105+ stimulated with PgPE from previous results 
(Albiero, 2018 - manuscript, in submission), we next aimed to find whether the STRO-1 
positive cells and IL-6 gene expression were correlated. As show in Figure 5 H, STRO-1 
positively correlated with IL-6 levels after PgPE exposure (r=0.8, p<0.0001). 
4. Discussion 
Through the in vivo study, it was possible to evaluate the dynamic of distribution 
and recruitment of CD105, CD146, CD166 and STRO-1 positive cells during progression of 
periodontal disease induced by a chronic experimental disease model of ligature in rat. The 
inflammatory microenvironment resulted in an increased presence of CD105, CD166 and 
STRO-1 markers. These results suggest that positive cells for these cell surface markers were 
in greater abundance in the periodontal disease sites. In agreement with our results, previous 
study have shown an increased expression in other stem cell markers in the periodontal ligament 
of periodontitis-affected teeth, pointing that there was increased recruitment of undifferentiated 
cell in inflammatory-exposed tissues (Chen et al., 2006).  
On the contrary, after removal of the local factor, CD105 and CD166 expression 
returned to baseline levels. The possible reason for this finding is that there was also a 
recruitment of cells responsible for the immune-inflammatory response in the presence of the 
disease, and that a higher expression and positivity of CD105 and CD166 was partially due to 
the presence of these cells, since studies have shown that these markers can also be found in 
inflammatory cells such as leukocytes, activated macrophages and monocytes (Sun et al., 2015; 
Valluru et al., 2011). It has been shown that inflammatory molecules and immune cells, together 
with endothelial cells and fibroblasts, orchestrate changes in the microenvironment that result 
in the mobilization and differentiation of MSCs into stromal and/or replacement of damaged 




recruited to damaged sites remains to be clarified. 
Exposure of hPDL-CD105+ to PgPE led to an increase in expression of the STRO-
1 marker. Flow cytometry showed that, on average, 1.68% of non-exposed hPDL-CD105+ were 
STRO-1+, revealing that only a small subset of cells may possess a stronger self-renewal ability 
and more potent multilineage differentiation under osteogenic condition (Xu et al., 2009), as it 
has been shown that cells expressing this marker have a greater osteogenic potential (Gronthos 
et al., 1994; Simmons and Torok-Storb, 1991).  
STRO-1 is one of the most well-known markers for MSCs. STRO-1 is a cell 
membrane single pass type I protein that translocate from the endoplasmic reticulum to the cell 
membrane in response to the depletion of intracellular calcium (Barkhordarian et al., 2011). 
The positive correlation found between increased STRO-1 expression and IL-6 mRNA levels 
suggests that there is an evident relationship between the presence of proinflammatory 
cytokines and the modulation of important markers for undifferentiated cells. This reinforce 
that the immunoregulatory properties and the tissue regenerative functions of MSCs are induced 
by inflammatory cytokines, once the plasticity of immunoregulatory roles of MSCs is relied on 
the inflammatory status (Ma et al., 2014).  
Therefore, the exposure of the periodontal progenitor cells to the bacterial extract 
presented a modulation when examining the surface expression profiles of stem cell surface 
markers using flow cytometry, and also when analyzing periodontal tissues after inflammatory 
disease induction. These results suggest that, in a periodontal disease model, MSC could make 
the efficient cell–cell contact required to commence the transmigration of endothelial and 
inflammatory cells to the inflammatory environment. The regenerative potential of stem cells 
can only be achieved through their efficient delivery to the required site. Recently, it has been 
demonstrated that MSCs can be activated and recruited to sites of tissue damage where they 
regenerate new tissues and repair the defects (Ma et al., 2014). However, the mechanisms by 
which MSCs are mobilized and recruited to damaged sites are not known.  
Although there is no specific marker that identifies MSCs, these cells do express 
certain patterns of surface markers (Ma et al.,, 2014). They express MSC surface markers such 
as STRO-1, CD146, STRO-3, CD13, CD29, CD44, CD90, CD105, CD106, and CD166 
(Alvarez et al., 2015). These criteria are used to define cultured MSCs, however, the exact 
anatomical locations of these cells in situ remain unclear (Meirelles et al., 2009). Experiments 
to track MSCs in vivo have revealed that these cells reside mostly close to blood vessels 




It is important to highlight that, to achieve a better evaluation of the influence of 
this inflammatory environment on the undifferentiated mesenchymal cells, a co-localization of 
surface markers would be necessary, because the identification of these cells occurs through 
the expression of multiple markers (Alvarez et al., 2015; Dominici et al., 2006). In the present 
study, the assay that identified surface cell markers alone had the aim of evaluating the 
distribution dynamics of these markers throughout the inflammatory process. The increased 
expression of CD105 and CD166 did not interfere with the healing process after the removal of 
the local factor. On the other hand, it should be considered that the repair physiology in the rat 
is more augmented and has a greater potential for self-healing when compared to the human, 
what characterizes a challenge in the studies with animal models, since a practical and highly 
reproducible model that truly mimics the natural pathogenesis of human periodontal disease 
has yet to be developed (Graves et al., 2012; Oz and Puleo, 2011). 
Because of their broad tissue distribution, multipotent differentiation capacity and 
well-established effects in preclinical and clinical studies, MSCs are believed to have critical 
roles in repairing damaged tissues (Shi et al., 2010). At the same time that the long-term 
functional recovery of damaged tissue and organs is likely to depend on the differentiation of 
tissue- intrinsic progenitors or stem cells that were exposed to the diseased site. The present 
study has shown that stem cell markers from PDLSCs are modulated by the presence of 
Porphyromonas gingivalis and experimental periodontal disease, in vitro and in vivo. This 
modulation is correlated with an increased gene expression of interleukin-6 in PDLSCs.  
Thus, further investigations are required to elucidate the underlying mechanisms 
associated with this correlation and to develop efficient techniques for improved tissue 
regeneration. 
5. Conclusion 
Our results demonstrate that cell surface markers CD105, CD166 and STRO-1 
present undergo an increase during the progression of periodontal disease in cells from 
periodontal tissue. Parallel, STRO-1 increased expression was observed in hPDL-CD105+ 
stimulated with periodontopathogen Porphyromonas gingivalis. This increase is associated 
with a greater expression of inflammatory cytokine. These findings show that inflammation is 
capable of modulating MSC important markers, and that there is a possible relationship between 
periodontal disease and periodontal tissue regeneration. Further investigation of the mechanism 
of inflammatory signaling pathways and MSC markers co-localization will contribute to the 
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INDUCTION 
Day 7 Day 
14 
SACRIFICE :  EP GROUP 
                 + 
TREATMENT : SRP GROUP 
SACRIFICE :  SRP GROUP 















Groups Mean ± SD
Control 0.07± 0.01b
EP (7	d) 0.29 ± 0.11a
SRP	(7	d) 0.11 ± 0.03b
Table 1. Mean ± SD of alveolar bone loss area on
furcation of first lower molars (mm2) .
Different letters represent significant statistical
differences in ANOVA and Tukey test for intergroup (p
< 0.05)
Figure 2. Photomicrograph illustrating the histologic aspect of bone 
loss in the furcation region (H & E staining). Lines indicate area between 
bone crest and cementum surface relative to the area of bone loss in EP 



































































Figure 3. MSC markers expression in periodontal ligament collected  after 7 
days of experimental periodontitis and scaling and root planning. RT-qPCR 
showed an increase of mRNA levels of CD105 and CD166 in rat periodontal 
ligament collected from extracted tooth after 7 days of experimental periodontitis. 
Representative data of three independent experiments are shown. Bars in represent 
mean ± standard deviation (SD) where intergroup statistical differences analysis are 







































































Figure 4. CD166 and CD105 localization in periodontal tissues after 7 days of 
experimental periodontitis and scaling and root planning. (A-F;G-L)  Representative 
images of positive immunostaining for CD166 and CD105, respectively, in periodontal 
tissues on 1st molar furcation area. (B) CD166 staining is widely distributed in the 
experimental periodontitis sections compared with control and treated (SRP) sections. (D, 
E, F) CD166 positive cells are localized in connective tissue, perivascular space as well as 
in the area near to the cementum. (H, I) CD105 positive cells  are widely distributed in the 
EP and SRP sections. (J-L) Cells with CD105 antigen can be observed in connective tissue, 
perivascular space, near to alveolar bone resorption, and in osteocytes cells.  (M) Control 
is represented by sample incubated only with secondary antibody. Black boxes in first 
column panel indicate areas shown under higher magnification in panels in the second 
column.  Representative data of three independent experiments are shown. d = dentine, bl 































Marker Events % Gated % Total Geo Mean
All 9808 100.00 64.85 12.13





Marker Events % Gated % Total Geo Mean
All 9808 100.00 64.85 10.31
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M rker Events % Gated % Total Geo Mean
All 9874 100.00 66.12 11.41
M1 273 2.76 1.83 139.60




Marker Events % Gated % Total Geo Mean
All 9874 100.00 66.12 9.67
M1 69 0.70 0.46 140.67




Marker Events % Gated % Total Geo Mean
All 9874 100.00 66.12 145.78
M1 9736 98.60 65.20 150.70








































Marker Events % Gated % Total Geo Mean
All 9808 100.00 65.75 26.31
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All 9808 100.00 65.75 11.25
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Marker Events % Gated % Total Geo Mean
All 9849 100.00 64.96 11.47
M1 269 2.73 1.77 138.10




Marker Events % Gated % Total Geo Mean
All 9849 100.00 64.96 9.25
M1 77 0.78 0.51 131.07




Marker Events % Gated % Total Geo Mean
All 9849 100.00 64.96 23.28
M1 1873 19.02 12.35 66.81








































Marker Events % Gated % Total Geo Mean
All 9804 100.00 65.53 12.11
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All 9804 100.00 65.53 9.67
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Marker Events % Gated % Total Geo Mean
All 9810 100.00 66.39 12.66
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Marker Events % Gated % Total Geo Mean
All 9841 100.00 63.58 31.49
M1 232 2.36 1.50 191.25




Marker Events % Gated % Total Geo Mean
All 9841 100.00 63.58 13.50
M1 141 1.43 0.91 134.80




Marker Events % Gated % Total Geo Mean
All 9841 100.00 63.58 8.65
M1 78 0.79 0.50 83.05








































Marker Events % Gated % Total Geo Mean
All 9834 100.00 65.76 13.93
M1 406 4.13 2.71 146.35
Tube: 2 CD146 APC
Gate: G1
t d Events: 9834
Total Events: 14955
Marker Events % Gated % Total Geo Mean
All 9834 100.00 65.76 11.65
M1 161 1.64 1.08 136.22




Marker Events % Gated % Total Geo Mean
All 9834 100.00 65.76 21.80
M1 1623 16.50 10.85 65.17








































Marker Events % Gated % Total Geo Mean
All 9835 100.00 66.10 11.57
M1 265 2.69 1.78 134.16




Marker Events % Gated % Total Geo Mean
All 9835 100.00 66.10 9.23
M1 73 0.74 0.49 123.10




Marker Events % Gated % Total Geo Mean
All 9835 100.00 66.10 12.65
M1 984 10.01 6.61 61.30








































Marker Events % Gated % Total Geo Mean
All 9808 100.00 65.75 26.31





Marker Events % Gated % Total Geo Mean
All 9808 100.00 65.75 11.25
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Marker Events % Gated % Total Geo Mean
All 9890 100.00 65.79 13.89
M1 442 4.47 2.94 143.97




M rker Events % Gated % Total Geo Mean
All 9890 100.00 65.79 11.50
M1 172 1.74 1.14 134.06
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All 9890 100.00 65.79 12.49
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Marker Events % Gated % Total Geo Mean
All 9747 100.00 62.63 11.15
M1 244 2.50 1.57 142.08




Marker Events % Gated % Total Geo Mean
All 9747 100.00 62.63 9.40
M1 73 0.75 0.47 142.67




Marker Events % Gated % Total Geo Mean
All 9747 100.00 62.63 114.44
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Figure 5. Inflammatory response modulates STRO-1 expression. (A, B) The 
percentage of positive cells after 1.5 hours of PgPE exposure (0, 0.1 and 2 µg/ml) by flow 
cytometry analysis (n = 5 hPDL-CD105
+
 cell populations). (C-F) Representative images 
of positive immunostaining for STRO-1 from Wistar rats after 7 days of experimental 
periodontitis. (C-D) STRO-1 staining is widely distributed in experimental periodontitis 
section compared to control. (E-F) STRO-1 antigen in the perivascular area, near to the 
cementum and the alveolar bone. (G) Control is represented by sample incubated only 
with secondary antibody. (H) Correlation of Pearson to measure the agreement between 
IL-6 gene expression and STRO-1 positive cells by flow cytometry in hPDL-CD105
+
 cells 
after 3 hours of PgPE stimulation (0, 0.1 and 2 µg/ml).  Representative data of three 
independent experiments are shown. Bars in (B) represent mean ± standard deviation (SD) 




 3. DISCUSSÃO 
O presente estudo teve como objetivo caracterizar os efeitos da Porphyromonas 
gingivalis sobre as células mesenquimais indiferenciadas do ligamento periodontal (hPDL-
CD105+) in vitro, uma vez que a melhor compreensão do papel das células progenitoras do 
ligamento periodontal após a doença periodontal é um aspecto importante a ser considerado 
para o futuro uso terapêutico destas células (Auletta et al., 2012). 
Por meio do estudo in vivo, foi possível avaliar a dinâmica de distribuição e 
recrutamento de células positivas para CD105, CD146, CD166 e STRO-1 na doença 
periodontal, induzida por um modelo experimental crônico, por inserção de ligadura. O 
microambiente inflamatório resultou em um aumento dos marcadores de células mesenquimais 
CD105, CD166 e STRO-1. Esses resultados sugerem que células positivas para estes 
marcadores estão em mais abundância nos sítios com a presença da doença periodontal. De 
acordo com o presente resultado, estudo prévio mostrou uma maior expressão marcadores de 
células mesenquimais indiferenciadas no ligamento periodontal de dentes afetados pela doença, 
evidenciando que houve um aumento no recrutamento de células indiferenciadas nos tecidos 
expostos ao processo inflamatório (Chen et al., 2006).  
Interessantemente, após a remoção do fator local, com o tratamento das superfícies 
expostas ao processo inflamatório por raspagem e alisamento radicular, a expressão dos 
marcadores CD105 e CD166 retornaram aos níveis de expressão iniciais. Uma possível 
explicação para este resultado seria a maior presença de células responsáveis pela resposta 
imuno-inflamatória no sítio afetado pela doença, uma vez que estudos já relataram que estes 
marcadores podem ser expressos por leucócitos, macrófagos ativos e monócitos (Sun et al., 
2015; Valluru et al., 2011). Estudos mostram que moléculas inflamatórias e células 
responsáveis pela resposta imune, em conjunto com células endotelias e fibroblastos, 
coordenam alterações que resultam na mobilização e diferenciação das MSCs para o reparo dos 
tecidos (Ma et al., 2014). No entanto, os mecanismos pelos quais as MSCs seriam mobilizadas 
e recrutadas para o sítio periodontal afetado pela doença ainda precisam ser melhor 
esclarecidos.  
Os resultados mostraram que hPDL-CD105+ foram capazes de manter suas 
propriedades vitais na presença do extrato proteico total da Porphyromonas gingivalis. Apesar 
de identificada uma clara atividade inflamatória na presença de PgPE, por regulação positiva 
de importantes genes pró-inflamatórios, IL-1β, TNF-α e IL-6, essa modulação inflamatória não 




em ambos os grupos de hPDL-CD105+, estimulados ou não com PgPE.  
O microambiente parece desempenhar um papel importante na diferenciação e na 
capacidade proliferativa das células progenitoras (Roche et al., 2007). PgPE na concentração 
de 2 µg/ml não produziu um impacto negativo nas propriedades básicas destas células, tais 
como viabilidade e apoptose, e as células estimuladas com PgPE permaneceram proliferativas 
após 10 dias de cultura celular. A capacidade de proliferação de células PDL expostas à 
estímulos inflamatórios é contraditória na literatura. Porphyromonas gingivalis estimulou a 
proliferação dos fibroblastos do ligamento periodontal em um menor tempo de exposição, como 
possível consequência da maior ativação da fase G1 durante o estágio inicial da infecção (Liu 
et al., 2015). As células PDL também permaneceram proliferativas após a exposição ao LPS da 
Porphyromonas gingivalis após 4 dias de exposição (Padial-Molina et al., 2014) e ainda tiveram 
uma maior proliferação após 7 dias de exposição com exposição às concentrações de 1 ou 10 
µg/ml de LPS (Kato et al., 2014). 
A maior expressão de citocinas pró-inflamatórias clássicas como IL-6, IL-1β e TNF-
α após 1.5 e 3h de estímulo com PgPE nos níveis de mRNA, e um aumento de IL-6 nos níveis 
proteicos, mostram que a IL-6 é importante para a progressão e desenvolvimento da 
periodontite, levando a uma inflamação crônica que pode contribuir para a destruição dos 
tecidos, como consequência de uma resposta exacerbada do hospedeiro (Palm et al., 2015). 
Adicionalmente, o potencial osteogênico destas células, que é um fator primordial para a 
regeneração dos tecidos periodontais perdidos devido à doença inflamatória crônica, não sofreu 
um impacto negativo pela presença de PgPE. A formação da matriz mineralizada não foi 
prejudicada na presença dos subprodutos bacterianos, enquanto que o ensaio de expressão 
gênica mostrou uma modulação na expressão do gene ALP na presença de PgPE, com 
expressão tardia deste gene ao longo do processo de diferenciação. A fosfatase alcalina é um 
importante gene na mineralização da matriz de colágeno e é comumente conhecida como um 
marcador precoce da osteogênese e odontogênese (Hessle et al., 2002). 
As hPDL-CD105+ expostas a PgPE apresentaram um aumento na expressão do 
marcador STRO-1. Citometria de fluxo mostrou que, em media, 1.68% das células não expostas 
eram STRO-1+, evidenciando que apenas uma pequena parcela das células CD105+ apresentam 
uma maior capacidade multiplicação com manutenção do estado indiferenciado, e consequente 
maior potencial de diferenciação em condições específicas de osteogênese (Xu et al., 2009), 
uma vez que já foi demonstrado que as células que expressam este marcador têm um maior 




STRO-1 é um dos marcadores mais conhecidos para MSCs. STRO-1 é uma 
proteína simples de membrana celular do tipo I que se transloca do retículo endoplasmático 
para a membrana celular em resposta à redução do cálcio intracelular (Barkhordarian et al., 
2011). A correlação positiva encontrada entre a expressão aumentada de STRO-1 e os níveis 
de mRNA para IL-6 sugere que existe uma relação evidente entre a presença de citocinas pró-
inflamatórias e a modulação de marcadores importantes para células indiferenciadas. 
O aumento das citocinas inflamatórias demonstra que PgPE induz uma resposta 
pró-inflamatória nas hPDL-CD105+, e que este efeito poderia afetar as propriedades de células 
indiferenciadas (Park et al., 2009; Xu et al., 2016). No entanto, o presente estudo não encontrou 
um impacto negativo do aumento das citocinas pró-inflamatórias nas propriedades biológicas 
das hPDL-CD105+, e a análise da diferenciação osteogênica sugere que hPDL-CD105+ pode 
ter compensado um possível atraso na formação da matriz mineral por meio de um aumento 
tardia na expressão do gene da ALP, o que levou à uma formação de matriz mineral similar nos 
três grupos ao final do período estudado.  
Pode-se sugerir que as hPDL-CD105+ desenvolvem uma habilidade de regulação 
própria em proteção à um estímulo estressante, como um possível mecanismo de autoproteção, 
preservando assim, as propriedades biológicas básicas esperadas de uma célula indiferenciada, 
como a proliferação e taxa de sobrevida, capacidade de manutenção da indiferenciada e também 
a habilidade de diferenciação em outro tecido, neste caso, tecido similar ao ósseo. A 
possibilidade de as MSCs possuírem mecanismos endógenos de autoproteção tem sido 
explorada em outras áreas, como na utilização de coágulos ricos em plaquetas em MSCs 
derivadas da medula óssea de ratos (Peng et al., 2013), e também em estudos de mobilização 
de células-tronco em miocárdio isquêmico (Zhao et al., 2011), ambos em ambientes 
considerados hostis para as MSCs. 
Dentre os genes mais expressos da via IL-6/STAT3, deve-se ressaltar aqueles que 
estão relacionados à mecanismos de regulação celular envolvidos com a manutenção da 
viabilidade e proliferação, com a diferenciação osteogênica e com a regulação do processo 
inflamatório. hPDL-CD105+ expostas a PgPE mantiveram sua capacidade proliferativa, e PgPE 
não induziu à morte celular. Este efeito pode estar relacionado à um aumento significativo nos 
genes para SOCS3 e HGF, que estão envolvidos na proteção celular à apoptose (Cao et al., 
2015; Nakamura and Mizuno, 2010; Puhr et al., 2009), e ainda são reguladores negativos da 
resposta inflamatória (Cao et al., 2015; Nakamura and Mizuno, 2010). Esse aumento associado 




importante fator na regeneração tecidual (Hinkel, 2016), podem explicar a reduzida 
percentagem de morte celular após exposição à PgPE.  
CXCL8 está entre os genes mais diferentemente expressos e está presente em treze 
do total de processos celulares significativos encontrados. Embora este seja um reconhecido 
marcador de atividade pró-inflamatória (Bischoff et al., 2008), seu papel na regulação da 
diferenciação osteoblástica já foi relatado (Bischoff et al., 2015), e seu potencial uso para o 
reparo ósseo, estudado (Bischoff et al., 2008). Da mesma forma, o gene MAPK3, que esteve 
relacionado com onze processos biológicos significativos encontrados, também possui 
importante papel nas atividades celulares em resposta à um estímulo extracelular, como na 
indução da (Zhu et al., 2016), e sinalização para diferenciação osteoblástica (Chen et al., 2016), 
uma vez que a via de sinalização JAK–STAT possui importante papel na ativação, proliferação 
e diferenciação celular (Yin et al., 2015). O aumento na expressão deste grupo de genes pode 
estar associado ao semelhante padrão de diferenciação osteogênica nas células expostas ou não 
à PgPE encontrados no presente estudo. 
A maior expressão destes grupos de genes após a exposição a PgPE, pode 
proporcionar uma nova perspectiva para a melhor compreensão dos mecanismos que regulam 
a diferenciação osteoblástica das PDLSCs após estímulos inflamatórios externos, e também 
para o futuro uso e aplicação destas células na regeneração dos tecidos periodontais, elucidando 
a sua capacidade de reter o potencial regenerativo após inflamação crônica. 
O potencial regenerativo das células mesenquimais só pode ser alcançado através 
da sua eficiente chegada ao local requerido. Recentemente, vários estudos demonstraram que 
as MSCs podem ser ativadas e recrutadas para os sítios que apresentam danos teciduais, onde 
estas células são capazes de regenerar os tecidos e reparar os defeitos. Contudo, os mecanismos 
pelos quais as MSCs são mobilizadas e recrutadas para os sítios ainda não são bem conhecidos. 
Embora não haja um marcador específico que identifique as MSCs, estas células 
expressam um padrão de marcadores de superfície (Ma et al., 2014). Estas células podem 
expressar STRO-1, CD146, STRO-3, CD13, CD29, CD44, CD90, CD105, CD106 e CD166 
(Alvarez et al., 2015). Estes critérios são utilizados para definir as MSCs em cultura, no entanto, 
a localização anatômica verdadeira destas células in vivo permanece desconhecida (Meirelles 
(Meirelles Lda et al., 2009). Experimentos realizados localizar as MSCs in vivo mostrou que 
estas células podem estar mais concentradas na região perivascular (Corselli et al., 2010; Crisan 
et al., 2008). Vale ressaltar que para uma melhor avaliação da influência do ambiente 




mesenquimais são necessários, uma vez que a identificação destas células se dá pela múltipla 
expressão de marcadores (Alvarez et al., 2015; Dominici et al., 2006). 
Portanto, o presente estudo mostrou que a exposição das células progenitoras do 
ligamento periodontal ao extrato total bacteriano foi capaz de modular a o perfil de expressão 
dos marcadores mesenquimais indiferenciados, e esta modulação foi confirmada in vivo nos 
tecidos periodontais. Vale ainda ressaltar que mais estudos são necessários para compreender a 
interação funcional entre as PDLSCs e os patógenos orais no ambiente da doença periodontal, 
e como as MSCs contribuem para a manutenção da homeostase dos tecidos, já que o presente 
estudo mostrou in vitro que as PDLSCs expostas ao extrato bacteriano total não tiveram seu 
fenótipo mesenquimal indiferenciado comprometido. Os avanços nestes conhecimentos podem 
contribuir para desenvolvimento de abordagens terapêuticas mais previsíveis para a 






Com base no presente estudo pode-se concluir que:  
1) As hPDL-CD105+ mantiveram sua proliferação celular e não sofreram apoptose 
na presença do PgPE; 
2) Houve um aumento na expressão dos genes inflamatórios IL-1β, TNF-α e IL-6, 
e na expressão da proteína IL-6 nas células estimuladas com PgPE; 
3) A avaliação da diferenciação osteogênica mostrou que houve um padrão de 
formação da matriz mineral semelhante entre os grupos, e que a expressão dos marcadores 
RUNX2 e OCN foi similar. Entretanto houve uma expressão mais tardia do gene da ALP no 
grupo exposto à PgPE, sem influência na formação dos nódulos minerais ao final do período 
estudado; 
4) A análise dos genes da via IL-6/STAT3 apresentou fold-increase em 28 genes, 
e alguns deles como SOCS3, HGF, PIM1, CXCL8, MAPK3 regulam importantes mecanismos 
celulares, como a proliferação e viabilidade, apoptose e diferenciação celular, as quais são 
importantes para a manutenção das características de autorrenovação, migração e plasticidade 
das hPDL-CD105+.  
5) Houve uma modulação dos marcadores de superfície de células mesenquimais 
indiferenciadas in vitro e in vivo na presença do periodontopatógeno Porphyromonas 
gingivalis, com aumento da expressão dos marcadores CD105, CD166 e STRO-1. Entretanto, 
esta modulação não impactou na viabilidade celular e a capacidade de diferenciação 
osteogênica das hPDL-CD105+ in vitro.  
Desta forma, a exposição das células do ligamento periodontal ao processo 
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ANEXO 2 – Aprovação do Comitê de ética em Pesquisa Animal 
 
 
